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Field of Invention 

[0001] The present invention relates to an embedded system bus architecture for use in 

microcontroller-based products. More particularly, the present invention relates to a low power 
embedded system architecture to facilitate access of peripheral devices from a microcontroller. 
Background of the Invention 

The demand for higher performance, microcontroller-based products for use in 
communication and processing applications continues to increase rapidly. As a result, 
microcontroller-based product manufacturers are requiring the components and devices within 
these products to be continually improved to meet the design requirements of a myriad of 
emerging audio, video and imaging applications. 
[000j|j These microcontroller-based products use various types of processors, for example, 

Q general purpose microprocessors for controlling the logic of various digital devices, such as 

hah 

clock radios, microwave ovens, digital video recorders and the like, and special purpose 
microprocessors, such as math coprocessors for mathematical computations, or digital signal 
processors used in manipulating various types of information, including sound, imaging and 
video information. 

[0004] The microcontroller typically includes a central processing unit (CPU) core for the 

processing functions, and a bus interface for communication with the various memory devices 
as well as external or other peripheral devices. For the storage of data and instructions, the 
microprocessor can include various types of memory. For example, the CPU for the 
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microcontroller may include Random Access Memory (RAM) as well as Read-Only Memory 
(ROM), i.e., programmed memory. In addition, the microcontroller can also include flash 
memory which can be erased and reprogrammed in blocks instead of being programmed one 
byte at a time. 

[0005] For the transmitting and receiving of data between various devices and components, 

microprocessors and other devices may utilize various types of serial interfaces. One such type 
of interface typically used is the serial peripheral interface (SPI). The microprocessors also 
generally utilize one or more buffers for the temporary storage of data, for example, to permit 
the microprocessors to manipulate the data before transferring the data through the SPI to 
another device. These buffers are configured with the SPI's to enable the processors to transmit 
and receive data to and from the buffers as needed in an application. 

An embedded system is a specialized computer system that is part of a larger system or 
machine. Typically, an embedded system is housed on a single microprocessor board with the 
programs stored in either ROM or FLASH memory. Some embedded systems include an 
operating system, but many are so specialized that the entire logic can be implemented as a 
single program. 

£0007] In embedded microcontroller systems, the peripheral devices can be accessed by the 

CPU via a bus interface using a bus architecture, for example, a tristate bus architecture. There 
are a number of disadvantages associated with the tristate bus architecture. For example, in a 
tristate bus architecture, when a peripheral device is not being accessed, the peripheral device 
will provide a high impedance output to the bus. This characteristic is not desirable for a design 
for test (DFT) product because the high impedance makes it difficult to test the disabled tristate 
buffers. Furthermore, the high impedance signal can cause errors in the values tested. In 
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addition, if no peripheral device is driving the bus, the resulting floating node will cause high 
leakage current. Moreover, if more than one peripheral is driving the bus, a short circuit current 
can result. Additionally, the tristate buffer architecture can cause a slow down in the transfer of 
information. 

[0008] One approach that attempts to reduce the inadequacies associated with tristate bus 

architectures includes the implementation of bus keepers attached to the bus. Bus keepers are 
configured such that until the bus is driven with a different logic value, the bus keeper forces the 
bus to retain its previous logic value. Although the bus keeper approach may solve the floating 
node problem, the disabled tristate buffers are still very difficult to test. In addition, the tristate 
buffers need to be strong enough to "snap" the bus keeper, i.e., if the voltage on the bus is 
driven beyond a voltage threshold, the drivers can overcome the bus keeper device and cause it 
to hold the new logic value. For example, the bus might hold "0" (logic low voltage) until a "1" 
(logic high voltage) is driven to the bus by a sufficiently strong driver. Because snapping the 
bus keeper requires powerful drivers in the peripheral devices, a larger chip area and high power 
consumption is also required by this solution. 

With reference to Figure 2, a typical prior art CPU - Bus Interface (Bus IF)-Peripheral 
configuration is described in more detail. CPU 102 communicates through Bus EF 204 to 
communicate with one or more peripheral devices such as a first peripheral device (PI) 201, and 
a second peripheral device (P2) 202, through an Nth peripheral device (PN) 209. Generally, the 
peripheral devices communicate with CPU 102, and not with each other, through Bus IF 204. 
However, direct memory access (DMA) techniques also allow peripheral devices to 
communicate with memory without communicating with the CPU. 
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[0010] Bus EF 204 includes a transmitter 210 and receiver 212 which are connected over a 

common bus 220 to individual transmitters and receivers in the connected peripheral devices. 
For example, first peripheral device PI contains transmitter PIT 231 and receiver P1R 241; 
second peripheral device P2 contains transmitter P2T 232 and receiver P1R 242; and Nth 
peripheral device PN contains transmitter PNT 239 and receiver PNR 249. The peripheral 
devices could be any type of peripheral device. CPU 102 provides signals 250 to Bus IF 204 
commanding Bus IF 204 and the peripherals to perform a "read" or "write" operation, and 
identifying the appropriate peripheral device with which CPU 102 is to communicate. The 
peripheral device is identified via address lines, not shown, which provide enabling/disabling 
O signals to the peripheral devices to enable the correct peripheral device for communication with 

$ CPU 1 02. 

31 

t 001 SI The transmitter 210 in Bus IF 204 and the transmitters (e.g. 231, 232, 239) in the 

peripheral devices are instate transmitters. When enabled, the transmitters drive a signal 
comprising 1 's and 0's to the common bus 220. When disabled, the transmitters provide a high 
impedance, Z state to the common bus 220. Because the transmitters and receivers share a 
G common bus, when one transmitter is "talking", the other transmitters must "remain silent." If 
two transmitters were to talk at the same time, the transmission would most likely be garbled 
because the transmitters may be attempting to simultaneously drive both high and low voltages 
onto the same bus. 

[0012] This tristate bus architecture gives rise to several problems as discussed above. For 

example, this architecture results in high power consumption. CMOS devices use relatively 
low amounts of power while holding a "1" or "0"; however, relatively large amounts of power 
are consumed while switching a CMOS device, or when the CMOS device is exposed to a high 
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impedance Z state. If no devices are driving common bus 220, another high Z state arises. If no 
peripheral device is driving or receiving, the resulting floating node can cause high leakage 
current. When high power consumption occurs, the constant current flow also shortens the life 
of the device. 



current can result. This occurs, for example, when one device drives a "1" and the other device 
drives a "0", causing a high current to run between the high voltage and low voltage. It is also 
undesirable to have two transmitters sending data at the same time because of the possibility of 
scrambling the signal that should have been sent. Some microprocessors, however, have small 
possible overlaps between one device turning on and another device turning off. The small 
overlaps cause short circuits. These short circuits may be avoided by providing a short time 
period between the moment when a first transmitter turns off and when a second transmitter 
turns on. Unfortunately, this time period results in unnecessary delay, thus slowing down the 
processing speed of the microprocessor. 



also gives rise, again, to the floating node condition where no device is driving common bus 
220, and thus causes the high impedance Z state. To combat this problem, bus keepers have 
been added to the microcontrollers. For example, bus keeper 260 is provided in communication 
with common bus 220. Bus keeper 260 holds the last value on bus 220 until a new value is 
driven on bus 220. A disadvantage accompanying bus keeper 260 is that the tristate drivers 
need to be strong enough to snap the bus keeper; and therefore stronger drivers are required, 
resulting in a larger chip area and higher power consumption. 



[0013] 



Moreover, if more than one peripheral is driving the bus, an undesirable short circuit 




The inclusion of a time gap between the transmissions of two different transmitters 
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[001 5] Another disadvantage of the presence of a high Z state is that it is difficult to test the 

circuit. It should be clear that in order to fully test the communication functions between the 
peripherals and the CPU, the tristate buffers need to be tested in their disabled state as well as 
when transmitting ones and zeros. It is desirable during testing that when one transmitter is 
transmitting data, the other transmitters can and do stay disabled. However, when these 
transmitter devices are disabled, a resulting floating node arises (a high Z state), and it is 
difficult to test for that condition. 

[0016] Accordingly, a need exists for an improved embedded system bus architecture that 

solves the above problems. In addition, a need exists for an improved embedded system bus 
P architecture that also facilitates high test coverage without the high power requirements and 

55 J:' 

^ large area requirements. 

~ is? 

Summary of the Invention 

The method and device according to the present invention addresses many of the 
CI shortcomings of the prior art. In accordance with various aspects of the present invention, an 

;;?t -J 

jU improved embedded system bus architecture provides for high test coverage and requires low 
power during operation. In accordance with an exemplary embodiment, an embedded system 
bus architecture is configured without the use of a tristate bus architecture, and instead 
comprises the use of data selector logic to access the various peripheral devices. In addition, a 
pure full CMOS pullup/pulldown network can be utilized. Further, the data selector logic can 
comprise various configurations. 
[°°1 8] In accordance with one aspect of the present invention, during operation, the peripheral 

devices will output their content when accessed by the CPU, which places the correct address 
value on the bus, and will output a "0" when not being accessed. In accordance with another 
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aspect of the present invention, the embedded system bus architecture is configured such that 
the output of the peripheral devices passes through the data selector logic before reaching the 
bus interface receiver of the microprocessor. As a result, the CPU can suitably read the content 
of the peripheral device that is being accessed. 
Brief Description of the Drawings 

[0019] A more complete understanding of the present invention may be derived by referring 

to the detailed description and claims when considered in connection with the Figures, where 
like reference numbers refer to similar elements throughout the Figures, and: 

[0020] Figure 1 illustrates a block diagram of an exemplary microcontroller in accordance 

O with an exemplary embodiment of the present invention; 

Figure 2 illustrates a block diagram of a prior art CPU - bus interface - peripheral 
y. device configuration; 

[002§j Figure 3 illustrates a block diagram of a CPU - bus interface - peripheral device 

configuration in accordance with an exemplary embodiment of the present invention; 

Figure 4 illustrates a timing diagram of an exemplary write access operation in 
^ accordance with an exemplary embodiment of the present invention; 
[0024] Figure 5 illustrates a timing diagram of an exemplary read access operation in 

accordance with an exemplary embodiment of the present invention; and 
[0025] Figure 6 illustrates an exemplary flow diagram of one method for reading and writing 

operation in accordance with an exemplary embodiment of the present invention. 
Detailed Description 

[0026] The present invention may be described herein in terms of various functional 

components and various processing steps. It should be appreciated that such functional 
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components may be realized by any number of hardware or structural components configured to 
perform the specified functions. For example, the present invention may employ various 
integrated components, e.g., buffers, voltage and current references, memory components and 
the like, comprised of various electrical devices, e.g., resistors, transistors, capacitors, diodes or 
other devices, whose values may be suitably configured for various intended purposes. In 
addition, the present invention may be practiced in any microcontroller-based application. Such 
general applications that may be appreciated by those skilled in the art in light of the present 
disclosure are not described in detail herein. However for purposes of illustration only, 
exemplary embodiments of the present invention will be described herein in connection with a 
microcontroller. Further, it should be noted that while various components may be suitably 
coupled or connected to other components within exemplary circuits, such connections and 
fn* couplings can be realized by direct connection between components, or by connection through 
other components and devices located therebetween. 

A microcontroller may include a large variety of components. Microcontroller 
components may include a Central Processing Unit ("CPU") in communication with memory 
devices, input/output devices, peripheral devices, and other typical microcontroller components. 
With reference to Figure 1, an exemplary microcontroller 100 is illustrated. However, it should 
be noted that the exemplary embodiments of the present invention may be suitably implemented 
in any microcontroller configuration. Microcontroller 100 suitably comprises a central 
processing unit (CPU) core 102 configured for the processing of data, and a bus interface ("Bus 
IF") 104 for communication with the various memory or input and output devices. For the 
storage of data, microcontroller 100 can comprise various types of memory. For example, 
microcontroller 100 can comprise an internal CPU memory 106 which can be implemented 
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using static random access memory (SRAM) and the like which can provide very low access 
time, e.g., as low as 10 nanoseconds. In addition, microcontroller 100 can include data memory 
114 which can comprise, for example, SRAM-type memory. Microcontroller 100 can also 
include, for example, read-only memory (ROM) 116 which can comprise the non- 
reprogrammable memory for the Microcontroller 100. Still further, microcontroller 100 can 
also include flash memory for the programming and storage of data, such as a large page of 
memory 124 comprising, for example, 32 KB of data storage, as well as a smaller configuration 
of flash memory 126, comprising, for example, 128 Bytes. Microprocessor 100 can also 
comprise serial peripheral interface (SPI) 108 for transmitting and receiving data between 
various components. SPI 108 can communicate with the CPU memory 106 via direct memory 
gi access (DMA), i.e., SPI 108 can transfer data between memory components and a device 

iH 

IS! 

H without passing the data through the CPU. This data can be transferred through the bus 
W interface 1 04 without being passed to the CPU. 
[0028r| Microcontroller 100 can also include input/output devices. For example, an I/O port 

device 118 can be provided, as well as a breakpoint device 120, Further, microcontroller 100 
can also include a system clock 130 for providing clock cycles for triggering various functions 
and sequences during operation. Microcontroller 100 can also include a Power On Reset (POR) 
128 for use during ramping up of a power supply. 
[0029] Microcontroller 100 can also include peripheral devices. For example, peripheral 

devices might include watch dog timer 140, system timer 142, or peripheral interrupt controller 
144. Other peripheral devices will be apparent, and the present invention is not limited to any 
particular type of peripheral device. In a microcontroller, the CPU communicates with memory 
and peripheral devices through a Bus IF 104. The CPU selects the memory location or the 
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device with which the CPU wants to communicate, and either reads or writes data/instructions 
to or from that memory location or device via the Bus IF. 
[0030] With reference again to Figure 2, a typical prior art CPU - Bus IF - Peripheral 

configuration that includes tristate transmitters has several significant disadvantages, as 
discussed above. For example, the tristate architecture may result in high current leakage and 
high power consumption when a CMOS device is exposed to a high impedance Z state. This 
high impedance Z state exists when no devices are driving common bus 220. An undesirable 
short circuit condition may also exist if more than one peripheral device is driving the bus. The 
large current flow may shorten the life of the device. In some tristate architectures, undesirable 
time gaps may be created between a first and a second transmitter's use of Bus IF 204. These 
time gaps not only slow down the processing speed of the microcontroller, but give rise to the 
M undesirable high impedance Z state. Some tristate architectures include bus keepers, the 
*M inclusion of which may undesirably increase the need for larger and more power consuming 
tristate transmitters. Another tristate architecture disadvantage is that it is difficult to test the 
y tristate buffers in their disabled (high Z ) state. 
[003 tj However, in accordance with various aspects of the present invention, an improved 

embedded system bus architecture is provided that can facilitate higher test coverage, require 
lower power during operation, and that does not require significantly more chip area. In 
accordance with an exemplary embodiment, an embedded system bus architecture is configured 
without the use of tristate bus architecture, and instead comprises split (or separate) buses and 
the use of data selector logic to access the various peripheral devices. 
[0032] In accordance with an exemplary embodiment, a common bus for sending and 

receiving data is not used between the bus interface and the peripheral devices. Instead, a 
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common bus can be used for sending data to the peripheral devices, and separate data buses can 
connect each peripheral transmitter to the bus interface. Data selector logic can then be used to 
pass transmissions from the peripheral devices through the bus interface to the CPU. Data 
selector logic can comprise various arrangements and devices, such as any logic or multiplexor 
configuration for performing the intended functions. 
[0033] The peripheral devices may be configured to output their content when accessed by the 

CPU and will output a "0" when not being accessed. The embedded system bus architecture 
may be configured such that the output of the peripheral devices passes through the data selector 
logic before reaching the receiver at the bus interface of the microprocessor. The data selector 
logic may be located within the bus interface or independent of the bus interface. As a result, 
the microprocessor can suitably read the content of the peripheral device that is being accessed. 
[0034J As discussed, the data selector logic can comprise various configurations. For 

example, because the peripheral devices may be selected one at a time by the microprocessor 
CPU, an exclusive selection logic may be used. In accordance with an exemplary embodiment, 
the data selector logic can comprise various configurations, e.g., an "OR" gate configuration in 
the bus interface, and an "AND" gate in a peripheral device, or any other logic configuration for 
performing the intended functions. 
[0035] With reference to Figure 3, a block diagram of an exemplary CPU - bus interface - 

peripheral device configuration is illustrated. Bus IF 304 may be suitably connected in between 
a microprocessor CPU 102 and at least one exemplary peripheral interface device, e.g. PI, P2, 
to PN represented by reference number 301. In this embodiment, Bus IF 304 may include a 
receiving logic device such as an "OR" gate 314 and peripheral interface device 301 may 
include an "AND" gate 331. Bus IF 304 may also include a transmitter 310, and a receiver 312. 
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In another exemplary embodiment, OR gate 314 may be provided external to Bus IF 304. 
Peripheral interface device PI 301 may also include a multiplexor 333 and a device for holding 
the current data value such as data flip flop 336. Furthermore, in an exemplary embodiment, 
peripheral interface device 301 may include a comparator 335. The AND gate 331, multiplexor 
333, and comparator 335 are all examples of peripheral logic devices. 
[0036] Transmitter 310 may be connected via a common bus 321 to a peripheral receiver (or 

multiplexor) 333, associated with one of peripheral devices Pl-PN. AND gate 331 may 
communicate with OR gate 3 14. OR gate 3 14 may communicate with peripheral AND gates for 
each peripheral PI - PN via individual buses 322, 323, through 324. OR gate 314 may 
communicate with receiver 312 which may in turn communicate with CPU 102 via 
communication line 352. 

In addition, in accordance with another exemplary embodiment, a pure full CMOS 
pullup/pulldown network can be implemented to replace the tristate drivers. Logic gates 331 
and 314 may comprise these full CMOS pullup/pulldown devices. As a result, the pure full 
CMOS pullup/pulldown network provides minimum short circuit current, and avoids the 
floating signal line and conflict drive conditions of the prior art. In addition, a higher test 
coverage can be realized. The higher test coverage is possible because no high Z impedance 
states exist, i.e., only "0" and "1" states exist, and these states are easily tested. As a result, a 
98% test coverage can be achieved. 
[0038] Furthermore, even if two peripheral devices communicate at the same time, the 

conflicts can be resolved using error checking and data logic in a manner not possible when 
high Z states occur. Therefore, the reliability of the data is improved over that found in tristate 
driver systems. In addition, less power may be consumed, due to the absence of the short circuit 
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causing high impedance Z states. Moreover, the above mentioned benefits may be achieved 
without increasing the chip area significantly. This is possible because the smaller transistors, 
and absence of a bus keeper offset the area needed for the additional logic devices. Also, the 
extra bus wires may be above the surface of the chip, so they do not require any further chip 
area. 

[0039] The operation of an exemplary embodiment of the present invention may also be 

understood with reference to Figure 3. For example, CPU 102 may provide address signals to 
Bus IF 304 via bus 302. These address signals may be provided by Bus IF 304 to each of the 
peripheral devices PI, P2 (not shown), ...PN (not shown) (e.g. 301) via a common address bus 
Jf 340. Peripheral interface device 301 may include a comparator 335 which may compare the 
value on address bus 340 with a pre-defined or hard-coded address 350 of PI. If comparator 
M 335 determines that address signal 340 matches peripheral address 350, then the peripheral 
transmits the data that is stored on flip flop 336 and stores new data on flip flop 336. If a match 
does not exist, the peripheral transmits a "0" and holds the previous value on the flip flop 336. 

In this exemplary embodiment, this control of the peripheral device is accomplished by 
using comparator 335 to provide a control signal 337 to multiplexor 333 and AND gate 331. 
Control signal 337 depends on whether the address signal 340 matches the peripheral address 
350. If the addresses at comparator 335 match, control signal 337 causes multiplexor 333 to 
select the value on common bus 321 and place it on bus 341 which is the input to data Flip Flop 
336. Thus, new data can be placed into data Flip Flop 336. Also, if the addresses match, 
control signal 337 causes the current value stored in data Flip Flop 336 to be passed on to PI 
output bus 322 (for the case where PI 301 is the addressed peripheral) which in turn is 
communicated to OR gate 314. 
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[0041] If the addresses at comparator 335 do not match, control signal 337 causes multiplexor 

333 to place the current data flip flop value (held on bus 342) on bus 341 (again, the input to 
data flip flop 336). Thus, the previous data can be placed back into data flip flop 336. Also, if 
the addresses do not match, control signal 337 causes AND gate 331 to provide a logic "0" to 
OR gate 3 14 via bus 322. Thus, OR gate 3 14 should receive a logic zero from all non-addressed 
peripherals and a data value from the addressed peripheral. This data signal can then be passed 
through OR gate 3 14 to receiver 3 12 for transmission to CPU 102. 
[0042] As an example, if CPU 102 wants to send data to PI, it can provide to Bus IF 304 the 

PI address and a write signal via signal lines 302 and the data via transmit signal line 351. 
Transmitter 310 may then send data down common bus 321 to peripherals Pl-PN. The address 
JS signal may be provided to comparator 335 in each peripheral. Comparator 335 of the selected 
device (in this case PI) uses logic processing to provide an enable signal to multiplexor 333, 
while comparator 335 for the non-selected devices (in this case P2-PN) provides a disable signal 
to corresponding multiplexor's 333 for P2-PN. Thus, only the receiver in PI is enabled and 
only the peripheral PI receives the signal transmitted via common bus 321. The received data 
may be communicated to data flip flop 336 where the received data value may be stored for 
peripheral device PI to access and use as appropriate. 
[0043] If, on the other hand, CPU 102 wants to read data from P2, for example, it can provide 

to Bus IF 304 the P2 address, and optionally a read signal via signal lines 302. Note that for 
exemplary purposes, reference numbers used to indicate devices in PI will be used for similar 
devices in P2. The address signal may also be provided to comparator 335 which uses logic 
processing to send an enable signal, e.g. "1", to the P2 AND gate 331 and a disable signal, e.g. 
"0", to all other AND gates (PI, and P3-PN). Data flip flop 336 then provides the data to AND 
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gate 331. Because a "1" is provided to one pin of the AND gate, all data from flip flop 336 is 
passed through AND gate 331 to OR gate 314 via bus 323. Also, the AND gates 331 for all 
other peripherals (which are AND'ing with a "0") provide OR gate 314 a "0" via bus lines 322 
and 324. OR gate 314 receives all these zeros from the disabled peripheral devices and passes 
through only the signal from P2. This signal is communicated to receiver 312 which, in turn, 
may communicate the signal to CPU 102 via lines 352 when CPU is ready to receive the data. 
[0044] Various signal techniques can be used to signal the read/write, delay, and data signals. 

In an exemplary embodiment, the write signal is identified as "swr", read signal as "srd", 
address signal as "sa", data in sent to CPU as "blkname_sdi", and data out from CPU as "sdo". 
The bus configuration may be fully synchronous, or, in another embodiment, could be 
asynchronous. With reference again to Figure 3, a "swr" write signal may be sent to flip flop 
N 336 to indicate when that flip flop should transfer the value at its input to its output. 
[004fej The CPU can be configured to perform all read and write accesses within one 

s 

instruction cycle, as illustrated below. A CPU instruction cycle can be divided up into various 
components, with each component providing a specific task. For example, a CPU instruction 
cycle can be divided into four components CI, C2, C3, and C4. Alternatively more or less 
divisions of components can be used, and in some embodiments, instruction cycles may not be 
broken up at all. Each component may have certain tasks assigned to it such as, reading, 
writing, and other like tasks. Therefore, the CPU can read and write in the same instruction 
cycle. The outputs of all the "blkname_sdi" signals from various peripheral devices can suitably 
be connected to the "sdi" signal through an OR gate. When the CPU is reading a 
"blkname_sdi" signal, all other "blkname_sdi" signals from the peripheral devices that are not 
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selected will suitably output "0". Thus the OR gate configuration can provide an "sdi" signal 
corresponding to the peripheral device that is selected. 
[0046] With reference to Figure 4, an exemplary timing diagram of a write operation is 

illustrated. In accordance with an exemplary embodiment, a "swr" write signal 401 is provided 
by the CPU during a CI clock phase 410. Also, during the Clclock phase 410, the address and 
output data "sdo" signals, 402 and 403, are provided and may be suitably latched with the 
falling edge of the "swr" signal 401 at the end of the CI clock cycle 410. The data on bus sdo 
403 is stored in the data Flip Flops specified by sa 402. A second address and data are shown in 

a subsequent CI cycle 420. 

With reference to Figure 5, an exemplary timing diagram of a read operation is 
illustrated. In accordance with an exemplary embodiment, a "srd" read signal 501 is provided 
by the CPU during a C3 clock phase 510. Also, during C3 clock phase 510, the address to be 
read signal 502 is provided and the data to be read, "sdi" signal 503, is received. The CPU 
reads the data on the "sdi" signal 503 at the end of the C3 clock cycle 510. During execution of 
S instructions with indirect sources, for example, a MOV A, @R0 (move to the accumulator the 
U contents of the SFR specified by R0), and for other instructions, such as POP (contents of the 
stack is read), RET (return from subroutine), and RETI (return from interrupt), the "srd" signal 
is also active during the C2 clock cycle 515. In addition, the minimum number of cycles from 
"swr" signal 401 to the next "srd" signal 501 is 6 CPU clock cycles, e.g., from current 
instruction cycle CI to the next instruction cycle C3 . 
[0048] The method of the present invention may be implemented in a number of ways, 

however, in accordance with an exemplary embodiment, and with reference to Figure 6, a 
method 600 for reading and writing through the bus interface is illustrated. For example, in a 
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step 602, a peripheral device checks to see if the address signal matches the peripheral device's 
assigned address. This comparison may be made, for example, via a comparator 335 where the 
peripheral device address is pre-programmed or hard coded into the device. Of course, other 
logic devices may also be used to make this comparison. 
[0049] In this exemplary embodiment, if the peripheral's address matches the address on the 

common address bus, data on the common peripheral input line is passed to the flip flop input in 
a step 610. As discussed above, this may occur by sending a control signal 337 enabling a 
multiplexer 333 to pass data from common peripheral input line 321 to flip flop input 341. 
Furthermore, in step 610, when the peripheral is addressed, data on the flip flop output is placed 



ijj on an individual peripheral output line. This step may be implemented through use of an AMD 
ip gate 33 1 enabled by control signal 337 to pass data on flip flop output 342 to common bus 322. 

yi 

[OOSlp On the other hand, if the address bus signal does not match the peripheral's address, a 

m «q» or logic low may be placed on that peripheral's individual output line in a step 620. The "0" 

Si 

% signal may be provided, for example, by an AND gate receiving a "0", although other logic 
y devices may be used for this purpose. Furthermore, if in this exemplary embodiment, the 
y address bus signal does not match the peripheral's address, data on flip flop output 342 may be 
placed on flip flop input 341 also in step 620. This data transfer may take place, for example, 
by use of a multiplexer 333 controlled via control signal 337. 
[0051] Regardless of which peripheral device is addressed, a logic gate passes data from the 

selected peripheral output line to a receiver in a step 630. The passing of the selected peripheral 
output line data is accomplished in this exemplary embodiment by using an OR gate and by 
providing only logic zero on non-addressed peripheral devices. In step 635, the data passed to 
the receiver "sdi" may be received by the CPU 102 when the CPU is ready to receive it. 
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[0052] In addition, regardless of which peripheral device is addressed, in step 640 the 

peripheral device checks to see if a "swr" signal has been sent indicating that the CPU desires to 
write data to a peripheral device. If, for example, a logic high "swr" signal is sent indicating 
that the CPU desires to write data (available from the CPU "sdo" signal), data at the input for all 
flip flops is placed at the output of the respective flip flops in step 645. Although exemplary 
embodiments have been described with specific logic devices, it should be noted that various 
logic devices and combinations of logic devices as well as variations of the following steps may 
be used in this method. 

[0053] The present invention has been described above with reference to an exemplary 

J embodiment. However, those skilled in the art will recognize that changes and modifications 

fp may be made to the exemplary embodiment without departing from the scope of the present 

ill 

N invention. For example, the various components may be implemented in alternate ways, such as 

£ 

W varying or alternating the steps in different orders, and using different logic structures to achieve 

*jj the same results. These alternatives can be suitably selected depending upon the particular 

"•Sis: 

application or in consideration of any number of factors associated with the operation of the 
|5 system. In addition, the techniques described herein may be extended or modified for use with 
other types of devices, in addition to a microcontroller. For example, the invention may be 
implemented in a telecom switching matrix. In addition, it should be understood that the 
peripheral interface devices 301 can be incorporated into the architecture of the overall 
peripheral device, or can exist as a physically separate interface between the Bus IF and the 
peripheral device. These and other changes or modifications are intended to be included within 
the scope of the present invention. 
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